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http://dx.doi.org/10.10elds of medicine, there is an increasing interest
among orthopedic surgeons to measure health-related quality of life in adolescent idiopathic scolio-
sis patients and to evaluate the burden of disease and the effectiveness of different treatment strat-
egies. The development of the revised Scoliosis Research Society 22-item patient questionnaire
(SRS-22r) enabled a comprehensive evaluation of health-related quality of life of these patients.
Over the years, the SRS-22r gained wide acceptance and has been used in several different coun-
tries, languages, and cultures. The SRS-22r has not been translated into Dutch to date.
PURPOSE: To translate the SRS-22r into Dutch and adapt it cross-culturally as outlined by inter-
national guidelines and to test its psychometric properties to measure health-related quality of life
of adolescent idiopathic scoliosis patients in the Netherlands.
STUDY DESIGN/SETTING: A cross-sectional, multicenter validation study.
PATIENT SAMPLE: A total of 135 adolescent idiopathic scoliosis patients (mean age 15.1 years
old) of three major scoliosis centers in the Netherlands were enrolled in this study. Ninety-two
(68%) subjects completed the Dutch SRS-22r, Child Health Questionnaire (CHQ)-CF87 (golden
standard for adolescents), and Short Form (SF)-36 (golden standard for adults). Two weeks later,
73 (79%) of 92 respondents returned a second SRS-22r. Demographics, curve type, Risser stage,
and treatment status were documented.
OUTCOMEMEASURES: Floor and ceiling effects, internal consistency, reproducibility, concur-
rent validity, and discriminative ability of the Dutch version of the SRS-22r questionnaire.
METHODS: For content analysis, SRS-22r domain scores (function, pain, self-image, mental health,
and satisfaction with management) were explored and floor and ceiling effects were determined. Cron-
bach’s awas calculated for internal consistency of each domain of the questionnaires and reproducibil-
ity was assessed by test-retest reliability analysis. Using Pearson’s correlation coefficient, comparison
of the domains of the Dutch SRS-22r with the domains of the SF-36 and Child Health Questionnaire-
CF87 assessed the concurrent validity. Differences in SRS-22r domain scores between untreated pa-
tients with different curve severity determined the discriminative ability of the questionnaire.
RESULTS: The SRS-22r domains as well as the SF-36 and CHQ-CF87 domains demonstrated no
floor effects, but the function, pain, and satisfaction with management domains had ceiling effects,status: Not applicable.
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1664 T.P.C. Schl€osser et al. / The Spine Journal 14 (2014) 1663–1672indicating the proportion of subjects with the maximum score between 19.6% and 33.0%. Internal
consistency was very satisfactory for all SRS-22r domains: Cronbach’s a was between 0.718 and
0.852. By omitting question 15, the internal consistency of the function domain increased from
0.746 to 0.827. Test-retest reliability was$0.799 for all SRS-22r domains. The function, pain, men-
tal health, and self-image domains correlated under the 0.001 significance level with the corre-
sponding CHQ-CF87 and SF-36 domains. The satisfaction with management domain did not
correlate with the other questionnaires. The SRS-22r had the ability to detect differences between
groups with different curve severity; patients with a severe scoliotic curvature had significantly low-
er pain and self-image domain scores than patients with relatively mild scoliosis.
CONCLUSIONS: The Dutch SRS-22r had the properties needed for the measurement of patient
perceived health-related quality of life of adolescent idiopathic scoliosis patients in the Netherlands.
The Dutch SRS-22r could be used for the longitudinal follow-up of adolescent idiopathic scoliosis
patients from adolescence to adulthood and for establishing the effects of conservative or invasive
surgical treatment.  2014 Elsevier Inc. All rights reserved.Keywords: Scoliosis Research Society 22 revised questionnaire; Health-related quality of life; Adolescent idiopathicscoliosis; Cross-cultural adaptation; Content analysis; Reliability; Concurrent validity; Discriminantive abilityIntroduction
Adolescent idiopathic scoliosis (AIS) is a deformity
of the spine and trunk in previously healthy children of un-
known etiology [1]. As a consequence of the deformity,
especially immature children with progressive curves could
suffer from severe physical symptoms (back pain, dimin-
ished back mobility, and decreased lung function) and psy-
chosocial symptoms (body image issues and diminished
self-esteem) [2,3]. Even without severe progression, when
the curves are usually not life-threatening and no brace or
surgical treatment is used, the deformity may interfere with
daily life and might have significant effects on health-
related quality of life. Although the most common scoliosis
treatments, bracing and surgery, aim to prevent progression
of the spinal curvature and to improve symptoms, evalua-
tions of effectiveness are in many instances mainly based
on radiographic measurements of the curvature [4,5]. The
effectiveness in terms of health-related quality of life, how-
ever, is probably more important and often remain rela-
tively underexposed.
The development of the Scoliosis Research Society
(SRS) patient questionnaire enabled a comprehensive eval-
uation of the health-related quality of life of AIS patients.
The original SRS 24-item questionnaire, a simple, practi-
cal, and discriminative disease-specific questionnaire as
developed by Haher et al. aimed to facilitate the assessment
of clinical outcome after AIS treatment. This questionnaire
consisted of 24 questions and measured four domains: pain,
self-image, function, and satisfaction with management [6].
Because of a number of concerns and shortcomings regard-
ing its psychometric properties, a series of modifications
and refinements led, through the SRS 23-item question-
naire, to the development of the SRS 22-item questionnaire
(SRS-22) in 2000. The function, pain, self-image, and men-
tal health domains consisted of five questions and the satis-
faction with management domain consisted of two [7]. In
2005, Asher et al. improved internal consistency by a minor
revision of question 18, resulting in the current revised SRS22-item questionnaire (SRS-22r) [8]. Over the years, the
SRS-22 and SRS-22r in particular have gained wide accept-
ance; they were translated and adapted into 17 languages
and/or cultures [9–26]. The SRS-22 was previously trans-
lated into Dutch and adapted cross-culturally to the Nether-
lands by Bunge et al., but the psychometric properties were
never completely investigated [27]. To date, the SRS-22r
has not been translated into Dutch, but there is a great need
from both a clinical and research perspective for it. The
aims of this study are to translate the original SRS-22r into
Dutch, to adapt it to the Dutch culture, and to test its prop-
erties for evaluation of health-related quality of life of AIS
patients in the Netherlands.Methods
Guidelines for cross-cultural adaptation and validation
of self-reported health status measures as outlined by Bea-
ton et al. were used for this study [28].
Cross-cultural adaptation and translation process
The translation process consisted of four stages, followed
by pretesting and final validity and reliability analysis. First,
an orthopedic researcher (MD), informed for the study pro-
cedure, and uninformed technical student translated the orig-
inal English SRS-22r into Dutch [8]. The translators used
Dutch as their mother tongue and translated independently
of each other. Second, the translators and a recording observ-
er merged the two translations and the Dutch version of the
SRS-22 questionnaire [27]. For any discrepancy, consensus
was reached by discussion. Third, two independent, unin-
formed bilingual translators who used English as their moth-
er tongue (resident general surgery and technical doctoral
student) performed a translation back from Dutch into Eng-
lish. They were blinded to the original SRS-22r question-
naire to avoid information bias. Fourth, during an expert
committee meeting, the translators, back-translators, a pro-
fessor of spinal surgery, a recording observer, an experienced
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and Dutch-English) reviewed all translations and written
reports of the different stages as well as the original question-
naire. Equivalence of the prefinal version and original Eng-
lish SRS-22r was examined for semantics, idioms, and
conceptual meaning. The expert committee discussed the
translations and adaptations and developed a prefinal version
of the Dutch SRS-22r.
Prefinal testing
Thirty-one consecutive Dutch-speaking AIS patients be-
tween 10 and 18 years old (23 girls, eight boys) completed
the prefinal version of the Dutch SRS-22r in the outpatient
clinic of a tertiary spine center (Wilhelmina Children’s
Hospital, University Medical Center Utrecht, Utrecht, The
Netherlands). Before the prefinal testing and final testing,
approval of the institutional review board and Medical
Ethics Committee of the University Medical Center Utrecht
was received. The patients were interviewed about their
understanding of the questions and answers and about the
difficulties they had encountered. In addition, the duration
of completion of the questionnaire assessed the feasibility
of administering the test to regular patients. Because the to-
tal number of prefinal questionnaires was small, statistical
tests were not performed. On the basis of the subjects’ com-
ments, the expert committee determined the final version of
the questionnaire to be tested.
Study procedures
A total of 135 patients with a history of AIS were asked to
participate in this validation study; each subject and his or
her parents gave informed consent. The final testing was car-
ried out in the outpatient clinic of three major spine centers
in The Netherlands (Wilhelmina Children’s Hospital, Uni-
versity Medical Center Utrecht, Utrecht; Vrije Universteit
Medisch Centrum, Amsterdam; and the Sint Maartenskli-
niek, Nijmegen) over a 2-month period. All AIS patients
older than age 10 years who had the ability to speak and read
Dutch fluently were included. Patients with congenital
anomalies, central or peripheral neurological symptoms, or
systemic disorders (chronic kidney or liver diseases, tumors,
rheumatoid-like diseases, or mental/psychiatric disorders)
were excluded. On the most recent radiograph of the spine,
a trained orthopedic researcher classified the curve type of
the deformities, determined Risser stage, and measured the
Cobb angles [29–31]. At the outpatient clinic, all partici-
pants received the final Dutch SRS-22r, a visual analog scale
for pain (VAS; 100 mm, score 0 to 100), and previously va-
lidated Dutch versions of RAND 36-item Short Form Health
Survey (SF-36) and the Child Health Questionnaire–Child
Form 87 (CHQ-CF87; HealthActCHQ Inc., Cambridge,
MA, USA) [32,33]. For the comparability with the other
questionnaires in this study, the VAS score was inverted:
the maximum score (100) corresponded to no pain and the
minimum score (0) to severe pain. The subjects wereinstructed to complete the questionnaires at home by them-
selves without their parents giving them help and return
the forms within a week. The SF-36 and CHQ-CF87 are pre-
viously validated, generic health-related quality-of-life
questionnaires for adults (O18 years old) and adolescents
(10 to 18 years old), respectively. To test the test-retest reli-
ability, 2 weeks later, a second final Dutch SRS-22r and
a request to return the questionnaire were mailed to all
participants. If participants returned the first SRS-22r ques-
tionnaire after they received the second SRS-22r, the partic-
ipants response was not included in the test-retest reliability
analysis. The first SRS-22r of these participants, however,
was used for other reliability and validity analyses in this
study.
Statistical analysis of data
Content analysis
Scoring of the questions and domains of the SRS-22r,
SF-36, and CHQ-CF87 was performed according to the cor-
responding scoring guidelines [33,34]. Scoring of the SRS
domains was equal to the original SRS-22r scoring system:
total scores were between 5 and 25 for the domains function,
pain, self-image and mental health (each based on five ques-
tions) and between 2 and 10 for satisfaction with manage-
ment (based on two questions); the average scores varied
between 1 (minimum score) and 5 (maximum score) for
all domains. For content analysis, data were explored (mean,
standard deviation, and range) and checked for outliers. In
addition, floor and ceiling effects (O10% with minimum
or maximum possible score, respectively) were calculated.
Reliability
Cronbach’s a assessed the internal consistency of each
SRS-22r, SF-36, and CHQ-CF87 domain and was checked
for variation if a question was omitted. Cronbach’s a!0.70
indicated poor internal consistency, between 0.70 and 0.80
was good internal consistency, andO0.80 was excellent in-
ternal consistency. Reproducibility of each SRS-22r do-
main score was assessed by test-retest reliability analysis
of the first and second SRS-22r using the intraclass correla-
tion coefficient (ICC). ICC scores between 0.70 and 0.80
indicated good andO0.80 indicated excellent reliability.
Concurrent validity
For the study of concurrent validity, the mean scores of
each domain of the Dutch SRS-22r were compared with the
domains of the SF-36, CHQ-CF87, and VAS for pain. Poor,
good, and excellent concurrent validity was defined as a
Pearson’s correlation coefficient less than 0.50, between
0.50 and 0.70, and more than 0.70, respectively.
Discriminantive ability
Two subsets of patients with different clinical variables
who had no treatment for their curve to date were deter-
mined before starting the discriminant ability analysis.
Table 1
Clinical characteristics of the study population are shown
Clinical characteristics AIS patients (N592)
Women (%) 80 (87)
Postmenarchal (%) 62 (67)
Age (6SD) 15.1 (62.0)
BMI (6SD) 19.6 (62.8)
Cobb angle (6SD) 38  (614)
Curve type
Thoracic curve (%) 51 (55)
Thoracic and (thoraco)lumbar curve (%) 25 (27)
(Thoraco)lumbar curve (%) 16 (17)
Risser stage
I (%) 11 (12)
II (%) 14 (15)
III (%) 9 (10)
IV (%) 33 (36)
V (%) 23 (25)
Treatment
Under observation (%) 53 (58)
Bracing (%) 20 (22)
Surgery (%) 19 (21)
Posterior spondylodesis (%) 17 (18)
1666 T.P.C. Schl€osser et al. / The Spine Journal 14 (2014) 1663–1672The first group comprised patients with a mild curve (Cobb
angle!30), who are normally asymptomatic. The second
group consisted of patients with a moderate or severe curve
(Cobb angleO30). Patients with a history of brace therapy
or scoliosis surgery were excluded in the discriminative
ability analysis. The ability of the questionnaire to detect
differences between those two groups was tested. The three
participating centers had a joint guideline for treatment of
idiopathic scoliosis when this study was performed.
Statistical analyses were performed using SPSS 20.0 for
Windows (SPSS Inc., Chicago, IL, USA). Cronbach’s a,
ICC (two-way random model with absolute agreement),
and Pearson’s correlation coefficient r were used to asses
internal consistency, reproducibility and concurrent validity
of the Dutch translation of the SRS-22r questionnaire, re-
spectively. If p!.001, the correlation with generic CHQ-
CF87 and SF-36 questionnaires was statistically significant.
Independent sample Student t tests (significance level 0.05)
were used to evaluate differences in SRS-22r domain scores
between the two subgroups of untreated subjects.Anterior spondylodesis (%) 2 (2)
Time since surgery in months (6SD) 18 (621)
AIS, adolescent idiopathic scoliosis; BMI, body mass index; SD, stand-
ard deviation.
Results
Prefinal testing
At prefinal testing, the majority of the patients understood
the questions and answers completely, responded to all ques-
tions, and completed the questionnaire within 10 minutes.
However, the expert committee adapted four questions (9,
16, 21, and 22) with minor changes because of difficulties
that were encountered during the interviews. Because of
the limited mathematical level and vocabulary of 10- and
11-year-old AIS patients, the answers in percentages of ques-
tion 9 were replaced by a commonly used ordinal scale for
ability/disability, and in question 16 the Dutch phrasing of
‘‘down-hearted and blue’’ was replaced by an easier word.
To allow for examination of AIS patients whowere under ob-
servation, ‘‘treatment’’ in question 21 and ‘‘management’’ in
question 22 were changed into ‘‘regular check-ups and treat-
ment.’’ Other comments did not require adjustments. The fi-
nal Dutch SRS-22r questionnaire can be found in the
Supplementary Appendix or on the SRS website [34].
Patient sample
Ninety-two (68%) AIS patients completed the first set of
questionnaires (Table 1). Seventy-three (79%) of them
completed both sets of questionnaires. The average re-
sponse time between the first and second set of question-
naires was 19.3 (68.2) days. Table 1 shows the basic
clinical characteristics of the respondents. The mean age
was 15.1 (62.0, range 10–21) years, and 80 (87%) partic-
ipants were female. Curve severity ranged between a 10
and 70 Cobb angle (mean 38614, median 38). Fifty-
one respondents had a thoracic curve (Lenke I and II), 16
a (thoraco)lumbar curve (Lenke V), and 25 a thoracic andlumbar structural deformity (Lenke III, IV, or VI) [29].
Fifty-three respondents were under observation (Cobb !
30, N515; CobbO30, N538), 20 under brace treatment,
and 19 had undergone operative scoliosis correction (me-
dian time since surgery 9 months, range 1–82 months).
No significant differences in gender and curve type distri-
bution were observed between the different cohorts.
Content analysis
In our study population of 92 AIS patients, the mean do-
main scores of the final Dutch SRS-22r were between 3.81
and 4.49 (Table 2). The SRS-22r domains as well as the
SF-36 and CHQ-CF87 domains demonstrated no floor
effects. Ceiling effects between 19.6% and 33.0% were ob-
served for the function, pain and satisfaction with manage-
ment domains of the SRS-22r. The function domain of the
SRS-22r demonstrated a ceiling effect (33%) comparable
to the physical function domain of the SF-36 (27%) and
CHQ-CF87 (38%), indicating the proportion of subjects with
the maximum score. Similarly, the pain domain of the SRS-
22r demonstrated a lower ceiling effect (20%) than the bod-
ily pain domain of the SF-36 (23%), CHQ-CF87 (25%), and
the VAS for pain (22%). No ceiling effects were observed for
the self-image and mental health domains of the Dutch SRS-
22r, whereas the corresponding SF-36 and CHQ-CF87 do-
mains showed relatively high ceiling effects (up to 84%).
Reliability
The statistical analysis showed good results for internal
consistency of the SRS-22r domains function, self-image,
Table 2
Descriptive statistics are shown for the SRS-22r, SF-36, VAS for pain, and CHQ-CF87 questionnaires
Domains Mean score SD Range
% With
floor effect*
% With
ceiling effect*
SRS-22r
Function 4.5 0.5 3.2–5.0 0 33
Pain 4.0 0.9 1.0–5.0 1 20
Self-image 3.8 0.7 2.0–5.0 0 4
Mental health 4.1 0.6 2.2–5.0 0 8
Satisfaction with management 4.0 0.8 1.5–5.0 0 22
SF-36
Physical function 85 16 25–100 0 27
Role: physical 78 32 0–100 4 62
Bodily pain 77 20 10–100 0 23
General health 74 21 15–100 0 15
Vitality 71 19 0–100 1 13
Social functioning 88 17 25–100 0 52
Role: emotional 90 26 0–100 4 83
Mental health 82 14 40–100 0 15
VAS for painy,z 72 75 10–100 0 22
CHQ-CF87
Behavior 85 10 58–100 0 3
Bodily pain 68 27 0–100 1 25
Family activity 91 10 60–100 0 42
Mental health 79 13 42–100 0 4
General health 72 18 25–100 0 5
Role: function behavior 96 10 44–100 0 84
Physical function 90 14 18–100 0 38
Role: emotional 91 18 11–100 0 70
Role: physical 93 15 33–100 0 73
Self-esteem 76 12 46–100 0 3
Global behaviorz 80 17 30–100 0 24
Global general healthz 76 21 30–100 0 23
Family cohesionz 81 19 0–100 1 33
Change in healthz 3.0 1.0 1.0–5.0 5 11
CHQ, Child Health Questionnaire; SF, Short Form; SRS, Scoliosis Research Society; SD, standard deviation; VAS, visual analog scale.
* The floor and ceiling effects are the percentage of subjects that answered the lowest or highest possible score of the questionnaire, respectively: SRS-
22r, lowest and highest possible score was 1.0 and 5.0; SF-36, VAS for pain; and CHQ-CF87, lowest and highest possible score was 0.0 and 100.0.
y The maximum score ‘100’ corresponded to no pain and the minimum score ‘0’ corresponded to severe pain.
z Single item.
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lent internal consistency for the domain pain (Table 3). If
question 15 was omitted, because of a negative correlation
with the function domain score, Cronbach’s a increased to
0.827. The SF-36 domain social functioning had poor,
physical function and mental health excellent, and all other
domains good internal consistency. The internal consis-
tency was excellent for all CHQ-CF87 domains (Cron-
bach’s a between 0.829 and 0.933), except for domain
family activity (Cronbach’s a50.689). The reproducibility
of the satisfaction with management domain was good,
whereas the domains function, pain, self-image, and mental
health demonstrated excellent test-retest results (ICC per
domain: function 0.861; pain 0.929; self-image 0.878; men-
tal health 0.855; satisfaction with management 0.799).
Concurrent validity
All correlations between the SRS-22r and SF-36 domain
scores were lower than the!0.001 significance level and
differed between 0.390 and 0.833 (Table 4). The SRS-22rfunction domain had excellent correlation with the SF-36
domains physical function (r50.808) and role-physical
(r50.717), and with the CHQ-CF87 domain physical func-
tion (r50.708). The SRS-22r domain pain demonstrated ex-
cellent correlation with the SF-36 domains bodily pain
(r50.857) and physical function (r50.833), with the
CHQ-CF87 domain bodily pain (r50.886) and with the
VAS score for pain (r50.872). The average mental health
score of the SF-36 correlated excellent with the mental
health score of the SRS-22r (r50.787). The SRS-22r do-
main self-image had good correlation with the CHQ-
CF87 general health score. No correlations were observed
for the SRS-22r domain satisfaction with management.
Discriminative ability
Statistical analysis revealed that participants who were
under observation for a mild curve had significantly higher
scores in all SRS-22r domains than participants with moder-
ate or severe scoliosis (function p5.002, pain p5.003, self-
image p5.004, mental health p5.019, and satisfaction with
Table 3
Internal consistency of the SRS-22r, SF-36, and CHQ-CF87 domains consisting of more than one item is shown
SRS-22r domain Cronbach’s a SF-36 domain Cronbach’s a CHQ-CF87 domain Cronbach’s a
Function 0.746* Physical function 0.846 Behavior 0.827
Pain 0.852 Role: physical 0.784 Bodily pain 0.933
Self-image 0.718 Bodily pain 0.792 Family activity 0.689
Mental health 0.777 General health 0.798 Mental health 0.908
Satisfaction with management 0.712 Vitality 0.757 General health 0.829
Social functioning 0.635 Role: function behavior 0.857
Role: emotional 0.795 Physical function 0.860
Mental health 0.816 Role: emotional 0.900
Role: physical 0.906
Self-esteem 0.884
CHQ, Child Health Questionnaire; SF, Short Form; SRS, Scoliosis Research Society.
* If question 15 is omitted, Cronbach’s a is 0.827.
1668 T.P.C. Schl€osser et al. / The Spine Journal 14 (2014) 1663–1672management p5.015) (Table 5; Figure), indicating the ability
of the questionnaire to discriminate between scoliosis pa-
tients with different levels of disease-specific quality of life.Discussion
The present study describes the cross-cultural trans-
lation and adaptation of the original SRS-22r into DutchTable 4
Concurrent validity was calculated for the SRS-22r domains in relation to the S
SRS-22r domain SF-36 domain ry
Function Physical function 0.808
Role: physical 0.717
Bodily pain 0.699
Social functioning 0.502
General health 0.424
Vitality 0.465
Pain Bodily pain 0.857
Physical function 0.833
Role: physical 0.694
Vitality 0.431
General health 0.396
Social functioning 0.390
Self-image Bodily pain 0.493
Physical function 0.434
General health 0.396
Mental health Mental health 0.787
Vitality 0.648
Social functioning 0.592
Role: physical 0.522
Physical function 0.501
Bodily pain 0.492
Role: emotional 0.489
General health 0.452
Satisfaction with management No correlations
CHQ, Child Health Questionnaire; r, Pearson’s correlation coefficient; SF, S
All statistically significant correlations are shown, ranked by degree of corre
* Single item.
y Correlations are significant at the!.001 level.following the international guidelines, and the evaluation
of its psychometric properties [28,35]. The Dutch SRS-
22r had very satisfactory reliability, correlated well with
generic questionnaires and was useful for the purpose to
measure cross-sectional differences between patients with
different clinical status. The SRS-22 and SRS-22r versions
are widely accepted instruments for the measurement of
health-related quality of life in scoliosis patients and wereF-36 domains, CHQ-CF87 domains, and VAS score for pain
CHQ-CF87 domain ry VAS ry
Physical function 0.708 VAS for pain* 0.473
Bodily pain 0.606
Role: physical 0.570
Family cohesion* 0.520
Self-esteem 0.397
General health 0.386
Global general health* 0.382
Mental health 0.366
Bodily pain 0.886 VAS for pain* 0.872
Physical function 0.698
Role: physical 0.578
Change in health* 0.463
General health 0.441
Global general health* 0.387
General health 0.515 VAS for pain* 0.448
Change in health* 0.477
Bodily pain 0.462
Self-esteem 0.415
Global general health* 0.415
Physical function 0.374
Mental health 0.623 VAS for pain* 0.395
Self-esteem 0.538
Family activity 0.502
Global general health* 0.499
General health 0.486
Role: emotional 0.476
Physical function 0.434
Behavior 0.413
Bodily pain 0.413
No correlations No correlations
hort Form; SRS, Scoliosis Research Society; VAS, visual analog score.
lation.
Table 5
Cross-sectional differences are shown for two subgroups of idiopathic scoliosis patients that were under observation
SRS-22r domain SRS-22r domain Mean SD
% Floor
effect
% Ceiling
effect
Under observation, Cobb!30  (n515) Function 4.8 0.3 0 53.3
Pain 4.6 0.5 0 46.7
Self-image 4.2 0.5 0 13.3
Mental health 4.4 0.4 0 13.3
Satisfaction with management 4.2 0.6 0 26.7
Under observation, CobbO30  (n538) Function 4.5 0.5 0 42.1
Pain 3.8 1.0 0 21.1
Self-image 3.6 0.7 0 2.6
Mental health 4.0 0.6 0 7.9
Satisfaction with management 3.7 0.7 0 5.3
CHQ, Child Health Questionnaire; r, Pearson’s correlation coefficient; SF, Short Form; SRS, Scoliosis Research Society.
1669T.P.C. Schl€osser et al. / The Spine Journal 14 (2014) 1663–1672previously adapted successfully for the Brazilian [9], Chi-
nese [10–12], French-Canadian [13], German [14], Greek
[15], Italian [16], Japanese [17], Korean [18], Norwegian
[19], Persian [20], Polish [21], Swedish [22], Spanish
[23,24], Thai [25], and Turkish [26] language and culture.Figure. (A–E) Box-whisker plots for the SRS-22r domain scores are presented
observation. * Differences under the significance level.Whether this cross-sectional study provides supportive
evidence that the Dutch SRS-22r is a reliable and valid
instrument for evaluation of AIS patients undergoing conser-
vative or surgical interventions—in a longitudinal setup—
will be discussed [36].for two subsets of patients with different curve severities that were under
1670 T.P.C. Schl€osser et al. / The Spine Journal 14 (2014) 1663–1672For the long-term follow-up of AIS patients, it is obvious
that an instrument is needed that can be used from adoles-
cence to adulthood. The Dutch SRS-22r correlated well with
the corresponding domains of the most widely used generic
health-related quality of life questionnaires for adolescents
(CHQ-CF87) and for adults (SF-36). These generic ques-
tionnaires are in themselves less useful for the follow-up
of AIS patients because the SF-36 is not validated for ado-
lescents and the CHQ-CF87 is not validated for adults
[32,33,37]. This is the first complete cross-cultural adapta-
tion and validation study comparing the results of the
SRS-22r with a generic questionnaire that was developed
for adolescents and with another generic questionnaire for
adults. A majority of the researchers of the validation studies
of the SRS-22r in different countries and cultures compared
their questionnaire with the SF-36 for adults [9–12,15–
18,20,22,25,26]. In this study, the SRS-22r domains were
compared with the CHQ-CF87 and SF-36 domains; the cor-
relations of the corresponding domains were very acceptable
and the results were similar to the studies of Glattes et al. and
Asher et al. [8,38]. Because of the validity of the question-
naire in adolescents and adults, the Dutch SRS-22r has the
properties for follow-up of health-related quality of life of
AIS patients, irrespective of age, which is lacking for the
CHQ-CF87 and SF-36.
In this study, the ability to detect minimal clinically
important differences and responsiveness of the Dutch
SRS-22r has not been investigated completely, because lon-
gitudinal data are required for adequate calculations. Our
results are encouraging, however, that the questionnaire is
capable of discriminating between AIS patients with differ-
ent curve severities. As an estimation for clinical important
difference, the variability of the function, pain, self-image,
mental health, and satisfaction with management domains
can be used: 0.71, 1.19, 0.88, 0.83, and 0.71, respectively.
In future studies, the responsiveness can be obtained by
the examination of the mean change as a result of the inter-
vention divided by the variability and can be used for sam-
ple size calculations [36].
The Dutch SRS-22r was able to address physical and
psychosocial symptoms that AIS patients could encounter
in daily life as indicated by low floor effects [8]. However,
ceiling effects were observed in some domains, which
might be due to our young population (mean age 15.1, min-
imum age 10 years) with relatively mild curves (lowest
Cobb angle 10). In a longitudinal study, however, with
AIS patients requiring treatment, ceiling effects might be
reduced because this study showed lower ceiling effects
for AIS patients with more severe curves, similar to the Pol-
ish and Thai validation studies [21,25].
The contribution of each question to the relevant SRS-
22r domain score and the repeatability was tested and
was optimized to ensure reliability of the Dutch SRS-22r.
Previously, discussion of the internal consistency of the
function domain of the SRS-22 led to the development of
the SRS-22r [39–44]. The problem was traced to questions15 and 18 [12,23,24,26,39–44]. In this study, the internal
consistency of the function domain was already satisfac-
tory, but the reliability of the score increased when question
15 (‘‘Are you and/or your family experiencing financial dif-
ficulties because of your back?’’) was omitted. One of the
reasons that question 15 is not in line with the other ques-
tions of the function domain might be some sort of percep-
tion bias resulting from the suboptimal ability of adolescent
schoolchildren to judge their families’ financial situations.
Other validation studies that encountered problems with
the reliability of question 15, as well as this study, included
predominantly young adolescent scoliosis patients and no
or a few adults [12,23,24,26]. On the one hand, the internal
consistency is slightly higher if question 15 is omitted. On
the other hand, for overtime measurements from childhood
to adulthood and for better comparability with many other
versions around the world (in which question 15 is included
in the scoring), it might be better to include question 15 in
the scoring of the Dutch SRS-22r’s function domain. As an
addition to the ongoing discussing about the contribution of
questions 15 and 18 to the function domain, an item re-
sponse theory model could help in determining the value
of each question and further refinement of the SRS-22r
questionnaire. This model could take into account that
not all questions are equally difficult and might correlate
with multiple domains, but a sample size of more than
100 respondents is required [45].
Conclusion
The Dutch SRS-22r has the properties needed for meas-
urement of health-related quality of life of AIS patients in
the Netherlands. Considering that this is a cross-sectional
study, the SRS-22r could be used for the longitudinal
follow-up of AIS patients after conservative or invasive sur-
gical treatment. For future research aiming at clinical
outcome after treatment of AIS, we recommend implement-
ing the Dutch SRS-22r because it could be of clinical impor-
tance. Although radiographic measures can provide a
physician detailed information about the three-dimensional
morphology of the spine, self-reported, health-related
quality-of-life measures can provide information about the
well-being and performance of the patients in daily life.Acknowledgment
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